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ABSTRACT 
 
 
 
 
 
Tactical Entry and Emergency Response: GIS Goes into the Field 
 
 
by 
Thomas Reid Baker 
 
In the wake of increasing community violence, there arose a need to develop new 
technologies for effective emergency response techniques. “Because shopping centers 
remain attractive targets for terrorists, stakeholders are beginning to consider increased 
security measures” (RAND Corp., 2006). Recent advances in GIS allow emergency 
responders to quickly familiarize themselves with critical aspects of a building‟s 
infrastructure. Because a responder is able to navigate visually around the model of a 
building, it is possible to significantly reduce the time spent in reconnaissance. A 
prototype GIS was created for a local shopping mall. The responders identified key 
features of the building‟s infrastructure which were subsequently incorporated into a 
database. This data facilitated the creation of information layers symbolized graphically 
within the interface. A tool that would enable a SWAT team member in the field to 
navigate visually within the three-dimensional environment of a building interior is a 
powerful tool. The application of the GIS resulted in an effective decision support 
system, assisting SWAT team commanders to quickly explore the building and the 
surrounding vicinity and to develop tactical response options.  
 ix 
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1. Introduction 
 
In the wake of increasing community violence in the United States, such as the assault on 
the Columbine High School in Colorado, it is clear that local law enforcement will need 
to develop effective methods of emergency response techniques.  One element of this 
response will be to develop a method to rapidly access knowledge about the buildings 
that are affected (Greene, 2005).  Another element will be to determine optimal 
surveillance locations at building sites likely to experience similar incidents in the future.   
Recent advances in geographic information systems (GIS) software and computer 
technology allow for a high degree of site-specific information to be developed and 
stored in an object-oriented database.  This permits the creation of a data model that 
supports rapid retrieval and distribution of information about critical elements of the 
layout of buildings.  An array of key digital photographs of the rooms within the 
buildings can also be linked for display on a portable computer screen. This provides an 
opportunity for emergency responders to gain some familiarity with critical aspects of the 
building‟s interior prior to entry. 
The identification and selection of optimal observation locations can also be developed 
through the creation of a triangulated irregular network (TIN), facilitating detailed and 
realistic three-dimensional terrain modeling.  The terrain model could then be used to 
derive viewsheds that reveal what could be seen from a variety of selected observation 
points. This information could then be used to assist the special weapons and tactics 
(SWAT) team commanders to effectively deploy observation or sniper teams. 
 
1.1. Problem Statement 
 
Small units of SWAT teams are facing increasing levels of sophistication in their 
encounters with criminal elements. A recent incident in Los Angeles with well-armed 
robbers resisting capture, wearing body armor and equipped with high-power, rapid-fire 
assault weapons, illustrates the nature of the increasing threat levels law enforcement 
officers are facing today. Based on the author‟s personal experience and numerous 
discussions with other combat qualified military veterans and police officers, there is 
consensus about the tactics employed by small units. Small unit tactics generally require 
three elements to ensure the success of an operation. The first element is speed of 
maneuver; the second is the element of surprise; and the third element is overwhelming 
superiority of firepower. When properly executed in the initial assault, the combined 
elements contribute to ensure minimal loss of innocent life and also a minimum of 
collateral damage.  The shock effect of a well-executed initial assault reduces the need 
for further action, while minimizing the likelihood of the situation degrading into a 
protracted event. 
With the proliferation of high-power small arms into criminal hands, it is becoming 
increasingly difficult for law enforcement to maintain the element of superior firepower. 
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The following two news reports illustrate the levels of exposure that law enforcement 
officers face with increasing frequency. On February, 28 1997, CNN posted the 
following story on its website. The incident happened at a Bank of America branch in 
North Hollywood, California.   
A blaze of automatic gunfire ripped through a crowded neighborhood after 
several heavily-armed gunmen dressed like commandos botched a bank robbery. 
Wearing body armor and carrying a trunk full of weapons, the robbers were ready 
for a fight. And that's exactly what they delivered, firing "multiple hundreds" of 
rounds, according to police. They fired armor-piercing bullets at anything that 
moved, and one suspect used a getaway car as a shield. Two suspects fought 
fiercely to the death, killed by helmeted police who fired bullets to the head at 
close range. Two suspects were killed, and 15 people were injured, including 10 
policemen. None of the injuries incurred during the hour-long shootout was "life 
threatening," Los Angeles Police Chief Willie Williams said. Initially out-gunned, 
police responded to a scene in North Hollywood that resembled a combat zone. 
Bullets were flying from all directions into cars and buildings -- and bystanders, 
too. (“Botched L.A bank heist”, 1997) 
In a previous incident in Miami, Florida, agents from the Federal Bureau of Investigation 
were investigating a series of violent bank robberies when they spotted the suspect‟s 
vehicle. Several other patrol cars joined them, and an attempt was made to stop the 
suspect‟s car, forcing it off the road. After being forced off the road, one suspect began 
firing a .223 caliber Mini-14 from the car, while a second suspect also opened fire with a 
shotgun. The suspect armed with the Mini-14 injured two agents with the rifle. Although 
he was hit several times, he continued to fire a pistol and the rifle. Despite injuries to his 
right hand and arm, the suspect (a former military policeman) caused FBI agents serious 
injuries, including a shot to the neck. As a direct result of this incident, the FBI began a 
search to adopt a handgun with a more powerful caliber. The body armor previously 
issued to the agents was not capable of stopping the .223 caliber at close range, 
prompting development of newer, tougher generations of body armor (FBI, 1986). 
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The answer may lie in applying a technological edge to the first two elements: that of 
speed and surprise. This edge comes with a price in acquisition costs, costs of 
maintaining the system, and costs incurred for personnel training. By assembling and 
refining the data into an operational GIS prior to an incident, the obstacles to employing 
this technology, as the following quote suggests, are largely overcome. 
 
The infrastructure for GI science technology and data during emergencies is often 
nonexistent or pieced together in an ad hoc fashion, using a combination of local 
County, State, federal, and private providers and assets.  The technical issues of 
data sharing, interoperability, power sources, and human resources are often 
insurmountable and pose major constraints on the use of GI science for rapid 
response.  Similarly, behavioral and social issues, such as inadequate training, 
aversion to technology, and the “culture” of the response community itself limits 
the adoption of GI science techniques in disaster and emergency management 
(Cutter, 2003, p. 442). 
 The goal is for the system to be useful enough to be included in the tool kits that are 
deployed when SWAT teams respond to emergencies. The problem, however, is to 
develop a system that delivers a graphic lap-top display that can be queried for the 
necessary information to quickly plan an assault.  The primary requirements of the 
interface are that it be simple to use, and justifiable within current police departmental 
budgets. To that end, the core software package comprised of ArcGIS Desktop from 
ESRI was utilized to achieve the highest level of data visualization while containing 
development costs.      
1.2. Client 
 
The development of this project was requested by Steven Dague
1
, GIS Specialist for the 
City of Montclair. Dague creates data and produces maps for all departments, including 
the police and fire departments, and was the primary point of contact for the city. 
Lieutenant Robert Kelly with the City of Montclair Police Department also consulted on 
the project. 
                                                 
1
Steven Dague (GIS specialist, Information Technology Division, City of Montclair, 5111 Benito St., 
Montclair, CA 91763-2808; telephone: (909)-625-9434; fax: (909) 626-3691; email: 
sdague@ci.montclair.ca.us).  
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1.3. Client Expectations  
The client requested that a specific site (high school or mall) be identified and selected 
for the development of a custom GIS package tailored to that site, and that it would also 
be applicable and transferable to other sites within the city.  The specifics would include 
a comparison of potential observation locations, data on the structures that would 
possibly include design drawings, and linked digital photographs of the individual rooms 
located within the structures.  The intended purpose of this project is to provide timely 
surveillance information to the responding officers, allowing them to rapidly assess the 
area of interest.   
Areas that were addressed include identifying assembly points for the SWAT team, the 
fire department, a triage area, and evacuation locations.  Another aspect of this project is 
a custom user-friendly interface supporting the rapid retrieval of data.  The client 
envisions an intuitive graphical user interface (GUI) permitting a law-enforcement 
official to pull up a visual display of the site.  The interface should support 360° viewing 
of the site displayed three dimensionally. The operator could pan around the display of 
the site, zoom in on specific areas, and then click on a room within the structure to view 
the location-specific photographs. The view point of the photographs would be from the 
probable point of entry.  
Montclair PD did not expect a full compilation of one site, unless the site was small 
enough to accomplish this.  The police department is looking for a functioning 
application that, when provided with all the proper data, would function as specified to 
analyze a line of sight, containment area, or the perimeter of an incident. Another benefit 
could be the substitution of fictitious data for demonstrating scenarios in the application 
when time is too short to compile true data or if the actual data is deemed confidential.  A 
guideline for creating data, inputting it and using it would be directly applicable as a 
model for future site work.  Also, insight into past incidents like school shootings or 
hostage standoffs would be appropriate to provide a baseline for this type of project.  A 
minimum level of end-user training is anticipated and recommended.  To facilitate this 
training, a custom interface with documentation and a user‟s manual are included with 
the deliverables for this project. 
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1.4. Previous/Similar Work 
Broward County, Florida, has implemented a county-wide GIS, distributed on CDs, 
which display critical information on a number of public facilities.  These facilities 
include static information compiled on schools, hospitals, and government offices 
(Burton, 2005). On the west coast, work of a similar nature was underway as well. In 
California, Jerry A. Wagner with D&W Consulting has developed several response GIS 
projects for southern California schools. (J. A. Wagner, personal communication, March 
23, 2007) His earlier work in this field was an inspiration for this project. 
1.5. Literature Review 
As late as the 1960s, police mapping consisted primarily of stick pins on paper maps 
mounted on walls of the briefing room (LaVigne & Wartell, 2000).  The evolution in 
computing technologies allowed inroads into this domain, so that by the 1980s, powerful 
and easy-to-use desktop computers were replacing expensive mainframe computers. The 
subsequent cost reductions associated with computing caused a paradigm shift in the 
allocation of resources in law enforcement.  
Routine entry of crime data made possible by this shift gave rise to extensive databases 
populated with the daily reports turned in by patrol officers and detectives. These 
databases were in turn supplied to GIS specialists who were then able to develop the first 
digital crime mapping products. The acceptance of GIS in the law enforcement domain 
continues to increase as digital crime mapping consistently demonstrates the speed, 
versatility, and, most importantly, the complex analysis functions that are now possible 
(LaVigne & Wartell, 1998).  Data on crime can now be displayed and analyzed by type 
of crime, place, and time of occurrence. This facilitates the extraction of information not 
previously possible (Albert & Leipnik, 2003). By the year 2000, over 90% of all the large 
police departments in the United States were utilizing some form of computerized crime 
mapping (Paulson & Robinson, 2004). 
Effective use of GIS in critical incident management was clearly demonstrated in the 
chaotic hours and days immediately following the September 11, 2001 terrorist attacks on 
the World Trade Center in New York City.  GIS teams working around-the-clock 
providing government officials, emergency responders, and critical incident commanders 
the most current information possible as events unfolded.  Literally thousands of 
customized map products were generated and distributed among the emergency 
responders. GIS personnel from a number of agencies assembled in Manhattan “... and 
provided what might best be termed „combat GIS‟ ” (Greene, 2003, p. 42).  This combat 
GIS consisted of constantly updating the analysis of the site and the generation of revised 
map products as newly collected data streamed into the command centers.  
The terror inflicted upon Americans on September 11, 2001, alerted the nation that much 
work was needed in the field of critical incident response.  The creation of the new 
federal Department of Homeland Security, in the wake of that event, was in many ways 
the beginning of protracted efforts across the nation to develop procedures to mitigate 
acts of terror in the future (McDonald, 2005).   
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At the local level, sporadic efforts were already well underway to incorporate GIS into 
critical incident planning efforts.  Broward County, Florida, serves as a good example of 
a comprehensive local effort to include geospatial information as part of an overall 
critical incident response plan. In the year 2000, the sheriff of Broward County requested 
the development of digital visualization tools to help emergency responders mitigate 
violence on school campuses, along with other emergencies.  Data was collected on 125 
public and private K-12 schools within the agency's jurisdiction.  Map layers including 
detailed floor plans, street maps, aerial photos, and interior pictures were assembled and 
encoded on a compact disc (CD) that was distributed to patrol deputies, SWAT teams, 
dispatchers, and supervisory personnel (Burton, 2005). 
End-user response was favorable to the information delivered on the CD but the 
limitations to this method were obvious.  Editing and updating the data was time-
consuming, and distributions of the updates required the creation and release of a new 
CD.  The Broward County sheriff‟s office is currently in the process of developing and 
implementing a web-based application utilizing ESRI's ArcIMS
TM
 Internet mapping 
server.  This will allow rapid updating of the data, permitting end-users to interactively 
access and perform some basic analysis using the most recent information available using 
wireless-enabled laptop computers (Burton, 2005). 
Exploiting the potential for graphical display of the geospatial data may be more fully 
realized with the suite of three dimensional modeling tools currently available from 
ESRI. The visual display of the data is one of the most powerful types of GIS 
functionality in environmental emergencies. The use of three-dimensional models 
conveys even greater understanding of the landscape and the hazards encountered during 
an emergency response (Briggs, Forer, Jarup, & Stern, 2002). It is the ability to 
effectively convey information to those who need it.  There is considerable opportunity to 
apply the lessons learned from a variety of critical incidents arising from natural 
disasters, environmental health emergencies, and acts of terrorism.  Among the many 
lessons learned was that there is a clear need for responders to have immediate access to 
architectural drawings, information on water and electrical systems, the location and 
capacity of interior passageways, basements, and the infrastructure within the vicinity of 
the incident (Cutter, Richardson, & Wilbanks, 2003). 
Introducing three-dimensional modeling techniques that would provide incident 
commanders with the most current information available is the obvious direction for the 
role of GIS in the overall decision-support system.  Enabling a responder in the field to 
navigate visually within the three-dimensional model of building interiors is a very 
powerful tool. This is now possible and being recognized as necessary in order to 
maximize the understanding of affected areas (Cutter, Richardson, & Wilbanks, 2003).  
Implementation of a stable and intuitive graphical interface capable of incorporating 
navigable 3D landscapes and building models is a prominent goal for the next generation 
of GIS-enabled decision support tools. 
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1.6. Project Overview  
 
The City of Montclair, California, has requested an application to assist emergency 
response decision makers. The site selected for the project was the Montclair Plaza 
shopping mall located at 5060 Montclair Plaza Lane, Montclair, California. The Plaza is a 
large indoor shopping center that is surrounded by surface parking. Most of the Plaza‟s 
patrons arrive by private automobile. The stores contained within the Plaza are accessed 
by common corridors at the center of the building. Most of the tenants do not have direct 
street access for the public, so customers typically enter through one of six common 
entrances (see Figure 1) or by entering one of the five anchor stores that have their own 
public entrances  
 
Figure 1. Plaza Layout from Store Directory.  
 
The recent advances in geographic information science (GIS) software and computer 
technology allow for a high degree of site-specific information to be developed and 
stored in a database.  This permits the creation of a data model that supports rapid 
retrieval and distribution of information about critical elements of the layout of buildings.  
An array of key digital photographs of rooms within the building can also be linked to 
display on a portable computer screen. This provides an opportunity for emergency 
responders to quickly gain some familiarity with critical aspects of the building‟s layout 
and interior spaces prior to entry. 
The identification and selection of optimal observation locations can also be developed 
through the creation of a triangulated irregular network (TIN) facilitating detailed and 
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realistic three dimensional terrain modeling.  The terrain model can then be used to 
derive viewsheds that reveal what can be seen from a variety of selected observation 
points.  The ability to accurately measure distances using the interface also supports 
ranging estimations. This information can then be used to assist the SWAT team to 
effectively deploy observation and/or sniper teams in the field. The routes of approach 
must be chosen with concern for maintaining the highest level of cover and concealment 
in order to maintain the element of surprise while minimizing the risk to the sniper teams 
(Department of the Army, 1989).     
1.7. Strategic Goals and Objectives 
 
This major individual project (MIP) was an ideal project to demonstrate the effective use 
of several particularly applicable tactical level GIS functions. The project was significant 
from the graduate-level perspective for several reasons. The project scope and the length 
of time involved in taking this project to fruition precluded it from consideration as an 
undergraduate project. Thorough planning permitted the successful development, 
demonstration, and delivery of a fully functioning working model. This demonstrated that 
the concept was viable to the Montclair Police Department.  
1.8. Project Workflow 
1.8.1. Planning 
This initial phase of the project involved meeting with the City of Montclair‟s GIS 
specialist to perform a needs analysis (Appendix A) which defined the scope of the 
project.  The hardware and software requirements were determined along with any 
specialized equipment necessary for the successful completion of the project. The 
planning phase also entailed defining the deliverables, establishing a project schedule, 
and maintaining vigilance in managing the risks. A needs assessment report was 
generated as a result of the meetings with the client. This summary was delivered to the 
client and served to foster mutual understanding of the scope of the project among the 
stakeholders.  While some of the tasks of the planning phase, such as risk mitigation, will 
continue throughout the project‟s lifecycle, at this stage the project moved into the data 
collection phase. The Work Flow Diagram in Figure 2 illustrates the workflow process.  
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Figure 2. Workflow Diagram. 
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2. Feasibility analysis and risk analysis for Montclair’s tactical 
response project. 
 
2.1. Introduction 
 
The decision support system was created by incorporating GIS at the field level.  It 
utilizes ArcGIS™ Desktop software from Environmental Systems Research Institute Inc. 
(ESRI™) as the basic platform.  The analysis of the terrain employed two additional 
ESRI software extensions: Spatial Analyst, and 3-D Analyst. Data layers were assembled 
in a digital map document (.mxd) that can be viewed and queried on a portable lap-top 
computer.  
These layers include the following: building footprints containing perimeters and 
individual interior spaces for each level of the structure; the locations of doors and 
passageways along with hyperlinked digital photographs of the interior spaces viewed 
from the storefront, the locations of communications equipment, water system valves, 
and additional data layers as determined by the client.  This data was derived from a 
variety of sources including: site visits for photography and field verification of ceiling 
heights, digitizing the building design drawings, creating the feature classes of the 
buildings and infrastructure, acquiring a digital elevation model, and aerial imagery from 
the client.   
A file geodatabase model was utilized to store and process the vector data sets in order to 
create the appropriate topology.  These data sets comprise the line data representing the 
water and electrical systems, as well as the building footprint polygons. The building can 
be divided into individual interior spaces of the various floors and layers can be 
developed displaying the water, electric and air ducting systems along with the locations 
of doors and passageways. The topology permits rules as well as the establishment of 
data entry standards. This simplifies the updating and maintenance of the GIS.  A 
custom-coded form was installed to enhance the visual display, enabling the end-user‟s 
rapid data retrieval. Once the data layers were assembled and processed, a three-
dimensional model of the terrain and the structures was created utilizing ESRI's 
ArcScene software.  
 
2.2. Business Need 
 
Rising concern over the threat of terrorist attacks at private-sector targets has 
prompted commercial industries to consider ways to reduce the risk of terrorism.  
Shopping centers are particularly vulnerable to terrorist attacks because of their 
easy access and dense concentrations of people.  Between 1998 and 2005, over 60 
 12 
terrorist attacks have occurred at shopping centers in 21 countries throughout the 
world.                                                                      (The RAND Corp., 2006, p. iii)  
 
The quote above clearly describes the business need. The threat is real, and stake holders 
in Western Europe and the Americas have experienced acts of terrorism at shopping 
malls with alarming frequency. The need is to get the GIS application developed before it 
is necessary. 
 
The City of Montclair requested a GIS application prototype that would support decision 
making in the field, and that could also be operated by a non-GIS specialist. The data that 
would be useful to access in an emergency situation had not been assembled into a single, 
readily useable database.   
In this project, a prototype model of the Montclair Plaza shopping mall was created using 
ESRI ArcMap with Spatial Analyst and 3-D Analyst extensions.  These files were then 
imported into and displayed in 2-D in ArcMap and in 3-D utilizing the ArcScene 
software. After introducing first responders to the prototype, additional key architectural 
features were identified and incorporated into the application. The additional information 
that was acquired included the telephone numbers and the volumes of the individual 
stores.  
 
2.3. Evaluation Criteria 
 
2.3.1. Technical   
This application utilizes ESRI GIS mapping software in the Windows XP computing 
environment.  The product has the ability to operate on a portable laptop computer in the 
field.  The software is currently available through the MS GIS program for the project 
development and is already in use by the client. 
 
2.3.2. Economic 
This MIP benefited the client by demonstrating the effective use of tools currently 
available, and opened the door to enhanced emergency response preparation. This project 
also benefits the author by providing practical experience developing a project with a 
client in both 3-D modeling and through the creation of the geodatabase within the 
budgeted time frame.  
 
2.3.3. Organizational  
The client was enthusiastic and supportive of the MIP. There were some delays in 
obtaining data from the Plaza property managers. Two requested sets of CAD drawings 
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were not produced but may be available in the future.  These were the drawings of the 
mechanical floor and the HVAC ducting system where it is large enough to permit an 
adult to crawl through. One identifiable difficulty was the scheduling of appropriate times 
to interview emergency responders.  These responders are heavily engaged in daily 
policing activities and are frequently unavailable due to their work rotations. 
 
 14 
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3. Database Development 
3.1. Data Collection 
This phase of the workflow entailed receiving and reviewing any data files or documents 
from the client that are applicable to the project.  A thorough analysis of this existing data 
helped to determine whether additional data collection would be necessary from outside 
data sources or through field collection of new data. There were two areas that required 
field data capture. The first field data capture requirement was to take digital photographs 
of the individual store fronts. The client requested that this occur early in the morning on 
a Saturday before the plaza opened to the public. The second requirement was to verify a 
representative number of store ceiling heights with the use of a hand-held laser measuring 
device. This required the stores to be open for business so that these two tasks would be 
accomplished independently on two separate site visits. Once the majority of the data 
collection had been completed the project moved into the database design phase. 
 
3.2. Data Sources 
There were three sets of data made available by the client including, a high resolution 
aerial photograph of the entire city (Figure 3), a large quantity of scanned building 
construction drawings (two are presented in Figures 4 and 5), and three sets of CAD .dwg 
drawings of the upper and lower floors of the Plaza and the surrounding area (two are 
presented in Figures 6 and 7).  The aerial photograph image is the Montclair Plaza and 
surrounding vicinity, located in Montclair, California. It is an 8 bit unsigned MrSID 
image. The aerial photography was collected by Landata Systems, Inc. (now Stewart Geo 
Technologies)
2
. Date Flown: April 22, 2002. Ground Sampling Distance (GSD): .25' or 
3". The construction drawings and the CAD data were provided to the city of Montclair 
by General Growth Properties Inc
3
. 
 
 
Figure 3. High Resolution Aerial Photograph of the Montclair Plaza. 
                                                 
2 Stewart Geo Technologies, 17361 Armstrong Ave, Irvine CA. 926114-5721. 
3 General Growth Properties Inc., 110 North Wacker Drive, Chicago, Illinois 60606. 
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Figure 4. Plaza Lower Level Floor Plan (Architectural Drawing). 
 
 
Figure 5. Plaza Site Plan Architectural Drawing. 
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Figure 6. Plaza Lower Level Floor Plan (CAD .dwg Drawing). 
 
 
Figure 7. Plaza Area CAD .dwg Drawing. 
 
Two GIS shapefiles of the area sewer and water systems were provided by D&W 
Consulting.  This data was under development for another project at the time that the 
Plaza Emergency Response Project data collection phase was under way and represents 
current field survey data. 
 
 18 
The interior and exterior photographs were taken on site on March 3, 2007. This was 
accomplished with the use of a digital camera equipped with both wide angle and 
telephoto lenses.  The ceiling heights for the stores were determined with the use of a 
hand-held laser measuring device.   
 
Two additional pieces of information were collected from advertising about the mall on 
the Internet and from a leaflet available to patrons at kiosks located at the entrances to the 
mall.  The first was a graphic downloaded from the Internet (Figure 8) that was useful to 
visualize the layout and public assess of the upper and lower floors.  
 
 
Figure 8. Plaza Layout from Store Directory. 
 
The second was a printed flyer available on site at the kiosks at the mall entrances 
containing a detailed list of the Plaza public entrances, the store locations, and their 
current phone numbers. 
3.3. Data Compilation  
In an effort to reduce the overall file size, the aerial image of the city of Montclair was 
clipped to the extent of the study area using Erdas Imagine.  This was also attempted by 
using the ArcGIS software, but the image resolution was degraded, so the image 
processed with Erdas Imagine was the one included in the database. This procedure 
reduced the file size of the image from over 14 GB to 440 MB with no discernible loss in 
resolution. 
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The CAD data was imported into ArcMap and georeferenced using the new CAD tools 
available in ArcGIS desktop version 9.2.  The aerial photograph was used to register the 
CAD data.  Once this was accomplished, the CAD data was assigned the NAD 1983 
State Plane California Zone V FIPS 0405 (Feet) projection.  The State Plane projection 
was selected for the map document as the shapefiles for the sewer and water system in 
the area were provided by a consulting company in this projection.  As additional data 
becomes available for addition to the map document, it is probable that this is the 
projection in which it will be provided.  By establishing this state plane coordinate 
system for the project, future maintenance and data additions should be simplified. 
 
Once the CAD data was projected, it was converted into GIS shape files and displayed in 
ArcMap to check for accuracy and consistency. After testing the shape files in an 
ArcMap document, they were imported into a File Geodatabase Plaza feature data set as 
the upper and lower floor polygon feature classes. 
 
3.4. Database Design 
 
The project requirements indicated that the ArcGIS file geodatabase model would be 
suitable. Both vector and raster data were utilized in the project, including street maps, 
architectural drawings, CAD files, vector feature classes, and high resolution aerial 
photographs. The datasets included in the geodatabase were assigned certain behaviors 
specified through the implementation of domains, validation rules, and other functions of 
the topology facilitated in ArcGIS. The advantage of using polygon rules is that they 
allow the rapid digitizing and editing of the individual polygons that share lines 
representing the interior walls of the project‟s building.  Once the database design was 
completed and populated, the project moved into the application development phase. 
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4. Application Development, Testing, and Deployment 
4.1. Application Development 
 
The application development phase involved assembling components of the project into 
an intuitive user interface. The digital photography images taken at the Montclair Plaza 
shopping mall were hyperlinked to geographically-referenced points in the application. 
This was accomplished by creating a new field in the photo points attribute table called 
PhotoPath. The hyperlinks were established by setting relative pathways to insure that 
they remained active when the geodatabase is transferred to additional computers. Two 
sets of photographs were included in the geodatabase folder. One set is comprised of the 
unaltered photos and a second set was modified in the Photoshop program to remove the 
store names and logos. The modified set of photos has a lower case “a” at the end of their 
name to indicate that they are altered.  This was done at the request of store owners due 
to privacy concerns. After the Montclair Plaza Emergency Response GIS was deployed 
to the police department, the relative pathways were set to the unaltered set of 
photographs. The city GIS specialist has the ability to rapidly reset the pathways to the 
altered photographs for public demonstration of the application as deemed necessary. The 
following string of text was entered in the attribute table field calculator to set the relative 
pathways for the PhotoPath field:  
 
"geodatabase\AlteredPlazaPhotos\" & replace ( [StoreName], "  ", "") & "_" & 
[StoreNumber] &"a.jpg". 
 
The code language for the custom dropdown menus was written in Visual Basic for 
Applications (VBA). The code for this menu form is included along with a screen shot of 
the menu form in the appendix. The vector data included in the database was derived 
from the architectural drawings that were delivered in CAD format with the use of 
conversion tools in ArcGIS. They were symbolized in ArcMap and imported into 
ArcScene where the upper and lower levels of stores were extruded into 3-D 
representations.  Once the development stage was completed, the application moved into 
the testing phase. 
 
4.2. Testing 
 
The testing phase entailed having several test operators who were unfamiliar with the 
interface run multiple use case scenarios. Upon successful completion of this testing, 
several MS GIS students were invited to operate the application with a minimum of 
training to test for robustness and ease of functionality.  At this stage, any identified 
shortcomings in the application were identified and mitigated.  Finally, at this stage of the 
testing, the client was invited to test the application in his setting.  Any shortcomings 
identified by the client were addressed and the application moved into the deployment 
phase. 
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4.3. Deployment 
 
The deployment phase of the application includes delivery to the client and the technical users 
within the Montclair Police Department a suitable working model with enough functionality to 
demonstrate the proof of concept.  Included with the application delivery are the project 
documentation, the user‟s manual and sufficient orientation training for at least one member of 
the City of Montclair's staff to successfully operate and demonstrate the full functionality of the 
interface. All of the sensitive data obtained from the client was returned, and any copies created 
for use in the project were deleted from the developer‟s storage media.  
 
 
4.3.1. Assumptions 
 
1. The city of Montclair will provide a laptop computer suitable to run the 
application. 
2. The city of Montclair will provide the appropriate licensing to run ArcGIS 
Desktop version 9.2. 
3. Access to the Montclair Plaza to take digital photographs will be permitted. 
4. The client will be able to schedule the time for testing and training in order to 
become familiar with the application within the budgeted time frame.  
5. The client will be able to supply the data necessary to complete a working 
prototype of the project application. 
 
As part of the GIS project management class series, several matrices were created to 
assist in the project development. A Costs and Benefits Matrix (Figure 9), Risk Severity 
Guidelines (Figure 10), a Risk Probability Scale (Figure 11) and a Risk Matrix (Figure 
12), are included in this document. These were selected as representative examples of 
how the project benefits were presented and how the risks were managed. As these risks 
to the successful completion of the project became apparent, a mechanism to contain 
them was developed.  Through the following series of mitigations, these risks were 
managed during the entire duration of the project:  
 
A. Schedule a meeting with the client and review/receive available existing data.  
Determine what additional data may be required and obtain it or develop 
substitute fictitious data. 
B. Ask questions to determine appropriate programming language.  Determine 
available resources.  Enroll in code programming class.   
C. Determine individual tasks associated with the project and develop an appropriate 
schedule or reduce overall scope. 
D. Identify scope creep at its inception and eliminate it. 
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Costs and Benefits 
Development Costs Operational Costs 
Salaries: N/A 
Consultant Fees: N/A 
Development Training:  Included in tuition 
Hardware and Software: Client Owned 
Vendor Fees: N/A 
Office Space and Equipment: Provided 
Data and Data Conversion Costs: 100+ hrs 
Software Upgrades: Unknown 
Software Licensing Fees: N/A 
Hardware Repairs: Unknown 
Hardware Upgrades: Client/Program 
provided 
Salaries: MS-GIS student; 
uncompensated 
Communications Charges: Unknown 
User Training: 10-20 hrs 
Tangible Benefits Intangible Benefits 
Increased Production: Yes 
Increased Sales: N/A 
Reductions in Staff: N/A 
Reductions in Inventory: N/A 
Reductions in Costs: Yes 
Lower Product Prices: N/A 
Increased Market Share: N/A 
Increased Brand Recognition: N/A 
Higher-Quality Products: Yes 
Improve Customer Service: Yes 
Better Customer Relations: Yes 
Improve Employee Morale: Yes 
Figure 9. Costs and Benefits.  
 
 
Risk Severity Guideline 
Scale Severity category Description of Category 
5 Catastrophic May add insurmountable delay or cost to the project.  
The event would threaten the existence of the project 
4 Critical May add severe delay and cost to the project.  The event 
is likely to make it impossible to meet the project goals. 
3 Serious May had moderate delay and/or cost to the project.  The 
event is likely to threaten project goals 
2 Marginal May add minor delay or cost to the project.  The event 
will not significantly affect achievement of the goals. 
1 Negligible No measurable impact to the project 
Figure 10. Risk Severity Guideline. 
 
 
 
 
 
 
 
  
 
Figure 11 Risk Probability Scale. 
 
Risk Probability Scale 
 Scale Probability Category 
5 Almost certain 
4 Probable 
3 Even odds 
2 Remote 
1 Extremely remote 
Risk Matrix 
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Figu
re 
12. 
Risk 
Mat
rix 
 
 
Item Probability Severity Risk Scale (probability 
*severity) 
A: Not able to 
obtain project data 
2 5 10 
B: Not able to write    
code for software 
customization 
3 3  9 
C: Run out of time 3 4 12 
D: Scope creep 2 5 10 
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Early in the GIS project management course series, a Gantt chart (Figure 13) was created 
for the Montclair Emergency Response GIS project that estimated the duration of time 
each of the six major elements would take to produce. These estimations appear on the 
chart as black bars. Late in the course series, a project review resulted in a revision of the 
original time estimates. These revisions occurred due to in part to project slippage, but 
heavily due to increases in the project scope. The updated schedule appears on the chart 
as blue bars and is a more accurate representation of how the project actually progressed.  
 
 
Company City of  Montclair GIS 
Current Date 11/25/2006 
Title Tactical Entry Project  
Project Start 11/24/2006 8:00:00 AM 
Project Finish 5/15/2007 5:00:00 PM 
 
 
Figure 13. Gantt Chart Depicting the Time Schedule for the First Order Tasks.  
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5. Visualizations in ArcScene and SketchUp 
Additional realism was brought to the project utilizing the three-dimensional modeling 
techniques available in the 3-D analyst extension and ArcScene. It can be desirable to 
visualize feature data, as well as surfaces, in a perspective view.  Data is displayed in 2-D 
in ArcMap in the plan or birds-eye view. When that same data is brought into an 
ArcScene document, 360° viewing in the perspective view brings a significant 
enhancement in the visualization.   
 
In order to help orient the viewer and to bring additional realism to mapping in either 2-D 
or 3-D, it is useful to display an aerial image as a backdrop for the map.  ArcScene does 
not require the image to have a spatial reference. However, to display the image with 
other data, all the layers need to either share the same coordinate system or have their full 
spatial reference defined. When modeling in 3-D, there are several additional steps and 
one additional dataset required in order to display the image backdrop effectively.  This 
additional dataset is a digital elevation model (DEM).  A DEM is a raster representation 
of a continuous surface, usually referencing the surface of the earth. The accuracy of this 
data is determined primarily by the resolution (the distance between sample points). The 
DEM is a raster grid of continuous cells, each storing a single elevation value.  DEMs can 
take up large amounts of storage space.  In this project, over 45 MB of DEM data was 
initially downloaded from the California Spatial Information Library 
(http://old.casil.ucdavis.edu/casil/gis.ca.gov/dem/). In an effort to reduce the size of the 
Geodatabase, the DEM was clipped to the study area for the Montclair Plaza emergency 
response project. This resulted in a reduction of the DEM file size to 14.7 KB.  
To be displayed in a 3D view, layers must contain their height (z) information. Layers 
can obtain this height information from a field within their own attribute table or obtain it 
from other layers.  At times it is necessary to have 3D layers that are used solely to 
provide height information to other layers. When adding data to a 3D view, it is 
necessary to be aware of the roles each layer will play. 
 
There are three different types of layers within a 3D view: 
 Floating layers define their own place in 3D space by containing z-values in 
feature geometry, feature attributes, or layer level settings. 
 Draped layers are placed on top of a known surface layer, obtaining their z-
values from it. 
 Elevation layers provide a 3D surface for other layers to be placed upon. 
In ArcScene, layers are added as floating by default. Floating layers that do not have z-
values in their geometry are initially shown with zero height values (ESRI, 2007).  
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Conversion tools in the 3-D analyst extension are used to convert the DEM to a 
triangulated irregular network (TIN). The purpose of the Raster to Tin tool is to create a 
TIN whose surface does not deviate from the input raster by more than a specified z 
tolerance. Raster to TIN is frequently used to convert a raster derived from a USGS DEM 
to a TIN surface model. Triangular Irregular Networks (TINs) have been used by the GIS 
community for many years and are a digital means to represent surface morphology. 
TINs are a form of vector-based digital geographic data and are constructed by 
triangulating a set of vertices (points). The vertices are connected with a series of edges 
to form a network of triangles. By reducing the coverage area of the DEM to the study 
area before creating the TIN, the file size of the TIN was reduced considerably. A TIN 
created from the unclipped DEM required 14.5 MB of storage space while a TIN created 
from the DEM clipped to the study area occupied only 136 KB of storage space. 
 
 
The following two graphics (Figures 14 and 15) illustrate the difference between 2-D and 
3-D visualization. 
 
 
Figure 14. Montclair Plaza in 2-D Plan View. 
 
Figure 15. Montclair Plaza in 3-D Perspective. 
 
 
There are several ways to create 3D feature data in ArcGIS. One way is to create a z-
aware feature class and use the editing tools to create new features.  Another way is to 
import existing 3-D models from other formats into multipatch feature classes.  Lastly, it 
is also possible to convert existing 2D data into 3D data using a surface, feature 
attributes, or a constant value.  The last method introduced is the one selected for the 
Montclair Plaza Emergency response project‟s 3-D modeling. 
 
In 3D Analyst, surfaces are represented by rasters or TINs. Features are represented by 
2D or 3D feature classes or shapefiles. To show building features in 3-D, they can be 
extruded using an attribute, such as building height or number of stories.  Features can 
also be extruded based on an arbitrary value.  The following instructions from ESRI 
outline the steps involved to display the 2-D data in 3-D. 
 
Deriving the existing features' heights using an attribute  
1. Add the 2D features into ArcMap or ArcScene.  
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2. Click 3D Analyst, point to Convert, and click Features to 3D.  
3. Click the Input Features dropdown arrow and click the features that you want to 
convert to 3D.  
4. Click the Input Feature Attribute button to set the source for the features' heights.  
5. Click the Attribute that you want to use for the features' heights.  
6. Optionally, browse to the location where you want to save the output feature class 
or shapefile.  
7. Type the name of the output 3D feature class or shapefile.  
8. Click OK. 
(ESRI, 2007)  
The information portrayed in a 3D view is not always adequate when using extruded 
polygons to represent buildings. Enhanced realism may be brought into the 3D view, by 
placing multipatch graphics at key locations. The Google SketchUp Version 6 program 
facilitates rapid creation of highly detailed three-dimensional modeling (Google, 2007). 
This program also allows the modeler to paste digital photographs of buildings on 
extruded polygons that represent a building‟s shape.  Once the features are modeled, they 
can be exported with the ESRI MultiPatch (.mdb) format.  These multipatch feature 
classes are readily imported into an ESRI ArcScene display. 
SketchUp contains several features allowing rapid creation of detailed or life-like models. 
These features include components, materials, and shadows. “… Most visual artists have 
to deal with some basic elements during the rendering process.  These elements include 
composition, lighting, and defining the surface characteristics such as color and texture” 
(Kerlow, 2004, p. 153).  Anything created in SketchUp can be used as a component. 
Components are just SketchUp models that have been saved and reused in other 
SketchUp models. For example, a model of a car that the modeler creates can be reused 
in other SketchUp models, such as the model of a house. Component libraries have been 
created and included with SketchUp to easily add detailing to models. These components 
range from standard architectural components (doors, windows, and so on) to people, 
cars, trees, and geometric shapes.  Figure 16 is an example of the type of modeling 
achievable using the SketchUp program.  It is clearly a more effective rendering when 
compared to the simple extruded polygons developed in ArcGIS as shown in Figure 15 
on the previous page (Google, 2007).   
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Figure 16. Montclair Plaza Rendered in SketchUp. 
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6. Analytical Techniques 
The analysis technique for this project consisted primarily of interviewing current and 
former police officers that have been engaged in SWAT operations.  Lieutenant Kelly of 
the Montclair Police Department discussed incidents from his department's experiences 
during the formal needs-analysis meetings.  During these discussions, he related a past 
incident that occurred at the Montclair Plaza where several armed perpetrators were being 
pursued by law enforcement officers.  These individuals drove to the Plaza, exited their 
vehicle, and ran inside the Plaza.  Before they were apprehended, there was a 
confrontation within the mall, and a member of the public was shot by one of the 
perpetrators as they attempted to evade capture.   
 
The interview focused on the need for a centralized storage system of information related 
to the Plaza that would be useful to have on hand in the event of a future emergency. 
There are considerable amounts of data that has been compiled on the Plaza that could be 
included the application. The challenge was to choose the applicable information and 
focus on how best to utilize it in the application. The following is a list that was generated 
as a result of the interview. 
 
1. The locations of the individual stores within the Plaza. 
2. The levels on which the stores are located. 
3. The phone numbers of the stores. 
4. The air volumes of the stores grouped by classification. 
5. The interior passageways of the Plaza, both public and nonpublic access areas. 
6. The locations of the electrical switch gear.  
7. The locations of the water shutoff valves. 
8. The emergency evacuation plan. 
9. The type of wall construction of both the exterior load bearing walls and the 
interior partitions. 
10. A graphic display suitable for viewing the information listed in items 1 through 9 
above that could also indicate avenues of approach to the scene of an incident, 
using routes offering the best cover and concealment. 
 
6.1. Applications 
The application was developed directly from the needs analysis (Appendix A) conducted 
with the City of Montclair's GIS specialist and police department liaison.  The interface 
was developed using the core ArcGIS version 9.2 software from ESRI with the 3-D 
analyst extension.  Ease of use and redundancy in the ways the data could be accessed 
and displayed were the primary goals in the development of the application.  To this end, 
the commercial off-the-shelf product contains three minor modifications.  
 
The first is the development of a custom toolbar that contains only the icons necessary for 
complete operation of the interface in a single uncluttered toolbar. This toolbar contains a 
selection of the most useful tools normally found on several of the default toolbars in 
ArcMap.  The second is a custom drop-down menu developed using the VBA 
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development tools contained within the ArcGIS application. This menu window is added 
to the display by the operator clicking on the Find Store button found on the custom tool 
bar. 
 
6.1.1. The icons included on the emergency response custom tool bar. 
 
Figure 17. Custom Toolbar. 
 
 
When this button is clicked, the custom drop-down menu appears on screen in the 
display. 
 
 
 The identify tool.  When this button is clicked a menu appears on screen allowing 
the operator to query any and all layers in the map document to identify features on 
screen. 
 
 
  The Find tool.  When this button is clicked, a window appears that permits the 
operator to find a feature by typing in the attribute name and clicking the Find button. By 
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clicking on the attribute in the Value area, the feature is selected and green crosshairs 
quickly migrate inward to the selected feature from the edge of the screen. This helps to 
direct the operator to the selected feature. 
 
 
 
 The Pan tool. By clicking on this button, the operator is able to shift the on screen 
view from side to side or top to bottom. 
 
 The Select Elements tool. By clicking on this button, the operator is able to place 
the cursor over map elements to select them by clicking once again.  Map elements are 
considered North arrows, scale bars, legends, and data frames drawn on the map layout. 
 
 The Select Feature tool.  This tool allows the operator to select geographic features 
belonging to layers on the map. This tool selects features from any layers that are 
currently set as „selectable‟.  By default, all the layers in the active data frame are 
selectable, so this tool will be able to select features from any layer. 
 
  The Zoom to Selected Feature tool.  By clicking on this button, the display zooms 
to an extent covering all the features currently selected in all layers. 
 
  The Clear Selected Features tool.  By clicking on this tool, all selected features in 
all layers are unselected. 
 
  The Go to Full Extent tool. Use this tool to view the full extent of the data 
contained in the map.  Use this tool after zooming in on a geographic feature to restore 
the map to its full extent. 
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 The Zoom In tool. By clicking on this tool, the operator may click or drag the 
cursor over an area to zoom in on an area. 
 
 The Zoom Out tool. By clicking on this tool, the operator may click or drag the 
cursor over an area to zoom out on an area. 
 
 The Hyperlink tool. Click on a feature to trigger a hyperlink.  This tool will be 
inactive if no hyperlinks have been defined for any of the featured layers in the map.  
Hyperlinks have to be defined before this tool can be used.  This tool uses a selection 
tolerance specified in pixels in the selection > selection options dialog.  When you click 
on a feature with a hyperlink tool, a document or file will be launched using the 
application with which that file is currently associated.  In the Montclair Plaza 
Emergency Response map document (.mxd), the digital photographs of the Plaza will 
open in the Windows Picture and Fax Viewer. 
 
 The Measure tool.  This tool lets the operator measure distances and areas.  By 
default this tool opens in the measure line mode.  Use this tool to measure single or 
multiple segments. Click once to start a new segment.  Double-click or press ESC or 
ENTER to finish. 
 
 The Print button.  Clicking on this button prints the map, and the operator will be 
prompted to choose the printer, which pages to print, how many copies, and whether to 
print a file, etc.  It requires a connection to a printer. 
 
  The Go to XY tool.  Clicking on this tool launches a dialogue that allows the 
operator to plot a particular XY location.  In the dialogue, first choose the desired units, 
then enter the coordinates.  Press RETURN to pan to that location, or use one of the 
buttons along the top of the dialogue.  For example the operator can use this dialog to 
point to the map at a specified location.  This tool is useful if the team in the field reports 
its current position via GPS coordinates.  This information can then be entered on the 
map display to pinpoint the team's precise position. This ability may be useful to 
coordinate additional teams deploying to an incident. 
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  The ArcGIS Desktop Help button.  By clicking on this button, the library of 
desktop help pop-up. 
 
 
 
 
 This button activates the 3-D ArcScene program.  
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The customization for the application focuses on streamlining the functionality found in 
the ArcMap application. The Find Store icon in Figure 17 is found on the custom tool 
bar. By clicking this button, the custom store locator window is activated on the display. 
 
 
Figure 18. Custom Button Activates the Store Locator Drop Down Menu. 
 
 
Figure 19. Custom Store Location Dropdown Menu. 
 
By clicking on the arrow in the Stores‟ drop-down window, a list of all the stores and the 
levels where they are located on appears in alphabetical order. The operator uses the 
scroll bar to scan through the list. 
 
Two actions occur by clicking on the desired store in the drop-down window (Figure 20). 
The first is the detail section of the Montclair Plaza form which is populated with the 
selected store‟s name, level, store number, and phone number.  Simultaneously, the store 
outline is selected and highlighted in the on-screen display. 
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Figure 20. Screen Capture of Drop Down Menu Used to identify Store Location. 
 
Once the floor and store of interest have been located, the operator has the option to 
activate the first floor hallways and electrical layer by checking the layer box in the table 
of contents on the left side of the display. By activating this layer, the routes to the area of 
interest and the electrical switch gear locations are also displayed.  Figure 21 depicts the 
hallways and locations of the electrical switch gear.  Both the public access passageways 
and the limited access hallways are included in this layer.  The electricity is distributed to 
the various stores from a number of locations within the Plaza.  In order to turn off 
individual sections of the Plaza's electricity, access to these electrical rooms must be 
achieved.  In the alternative, Southern California Edison can be contacted to shut off 
electricity to the entire Plaza.  In a given scenario, it may be deemed advisable to control 
the environment within the Plaza by turning off the lights, the climate control system, and 
the water delivery system.  The SWAT team is equipped with night-vision gear and may 
experience a considerable tactical advantage if the scenario occurs under subdued 
lighting conditions. 
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Figure 21. Hallway and Electrical Panel Layer Activated.  
 
 
Once the location of the store has been determined, and the possible approach routes have 
been viewed, the next step is to activate the point layer containing the hyperlinks (Figure 
22) to the digital photographs of the shopping mall‟s interior. 
 
 
Figure 22. Photograph Point Layer Activated. 
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Once the store location has been identified, the avenues of approach have been viewed, 
and the interior photograph point layer activated, the next step is to click on the Zoom-to-
Selected tool.  The selected store is shifted to the center of the display and increased in 
size. The store names that have been set to not display at smaller scales now become 
visible, confirming that the selection is correct.  This has the desirable effect of increasing 
the distance between the points associated with the hyperlinked photos, making activation 
of an individual photo a less exacting process.  Figures 22 and 23 demonstrates what 
becomes visible on the display at this stage of the process. 
 
 
Figure 23. Zoom to Selected Feature and Photo Points Hyperlinks Activated. 
 
The next step in the sequence is to use the hyperlink tool to click on the storefront point 
symbols, which are now both visible and active in the display.  This activates the 
hyperlink to the individual digital photographs stored in the Geodatabase folder, causing 
the selected photograph to appear on-screen. Figure 24 is representative of the storefront 
photographs.  These photographs are available for each of the stores located in the 
Montclair Plaza. 
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Figure 24. Storefront View Enabled With Hyperlink Tool. 
Once the storefront has been viewed, the next step is to close or minimize the storefront 
photograph and click on points within the store.  This will display photographs of the 
store's interior.  At the time of publication the Geodatabase contained only a limited 
offering of store interior photographs.  This is because store owners had concerns about 
privacy and security.  Once the city of Montclair has taken possession of the application, 
it is relatively simple to capture additional interior photographs and fully populate the 
database.  This is a desired enhancement to the application and recommendations that 
were made to complete this addition to the interface.  Figure 25 is representative of an 
individual store's interior.  It has been enhanced using the Photoshop program to increase 
the brightness and contrast of the original image. 
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Figure 25. Store Interior View Enabled With Hyperlink Tool. 
The last step in the sequence is optional based on the decision whether to deploy teargas 
canisters at the site of the incident.  The subject matter expert, Lieutenant Kelly, provided 
the information that tear gas may be deployed by several delivery systems including 
hand-thrown canisters and a variety of munitions fired from shoulder-fired launchers. The 
symbolization for the Air Volumes layer is based on the hand-thrown canisters which 
have an effective area of coverage of 1,500 square feet.   There are two layers in the table 
of contents depicting the air volumes of the individual stores, one for each of the two 
levels within the Plaza.  The stores were classified into 7 groups using the Defined 
Interval classification method. The intervals are based on the square footage column and 
are set at intervals of 1500 square feet. Where there were no stores within a given 
interval, this interval was omitted from the map legend. 
The groups were then symbolized using a progression of easily discernible colors.  By 
including this layer in the table of contents, the application operator will not be required 
to perform volumetric calculations.  The operator needs only to activate the layer by 
clicking on its radio button in the table of contents to view the clear display of the store‟s 
volumetric capacity.  The precise individual volumetric capacity may be viewed by right 
clicking on the Store Volumes layer and activating the attribute table which lists the 
individual air volumes.  Figure 26 depicts the lower-level air volume layer and the 
corresponding legend with the classification groupings. 
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Figure 26. Store Air Volume Identified by Activating Volumes Layer. 
6.2. Implementation  
 
The implementation plan constituted finalizing the product deliverables.  This entailed 
writing the digital map document (.mxd) and the sample data set to DVD masters and 
making copies, developing, printing, and binding copies of the user‟s manual, and 
plotting several hardcopy maps of the two Plaza floors and surrounding areas. The City 
of Montclair, California (the client), received the application, documentation, and user 
manual on a suitable media transfer and storage device.  
 
This is a new application for the client, and it is not replacing an existing application.  
This simplified the implementation strategy from a technical standpoint in that a 
conversion or cut over from an existing application was not required.  There was an end-
user psychological component to adopting a new GIS for emergency response that was 
addressed through effective system training and client familiarization at the time of 
delivery, with optional developer support during client emergency response field training 
exercises. 
 
6.2.1. Installation 
 
The client will provide a platform with a Pentium 4 processor, or equivalent 
specifications, that would run a password-protected Microsoft Windows XP operating 
system with a minimum CPU Speed of 1.0 GHz or higher, 1 GB of RAM or higher, 
screen resolution of 1024 x 768 or higher, display properties with greater than 256 color 
depth, a minimum of 5 GB disc space, and a DVD reader to facilitate the installation of 
the application.  The client will load a licensed ArcGIS Desktop version 9.2 with Service 
Pack 1 and Service Pack 2 on the test machine, along with the ArcScene extension, prior 
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to the delivery of the application for testing. The city GIS specialist will install and test 
the application on the client's computer prior to start of end-user training. 
 
6.2.2. Data Loading 
 
The application provided to the client by the developer includes sample data sets. The 
complete data sets will be loaded into the application by the client after delivery, and the 
publication of the final written MIP report. At the request of the Montclair Plaza business 
community, the scheduling for loading the complete data sets will be done after delivery 
so as to protect store owner identity and data security. The sample data sets includes 
high-resolution aerial imagery, vector data of the Montclair Plaza buildings, provided by 
the client, which consist of point, line, and polygon feature classes derived from CAD 
data, and digital photographs taken on the site by the developer.  The sample data sets 
include the majority of the actual data that will be used in the final application. Detailed 
photographs of the stores‟ interiors and sensitive contact information will be omitted in 
the sample data sets. The data storage capacity requirements for the interior photographs 
will increase from approximately 2.1 GB for the sample data set to approximately 2.7 GB 
when the complete data is loaded. It is anticipated that storage requirements will expand 
to less than 3 GB when the complete data is entered into the geodatabase.  System 
performance is not anticipated to be significantly different when the application is 
operating on the sample data or the complete data.  Lastly, the developer requested that a 
performance update be done after delivery when the application database is fully loaded.  
 
6.2.3. Scheduling 
 
Delivery of the application was scheduled upon completion of debugging and after 
modifications that were deemed essential during site-testing by the client.  Scheduling for 
the training of the end-user with the Montclair Police Department will follow as soon as 
successful installation of the application is completed on the client's platform. 
 
6.2.4. Training Plan 
 
Additional support for the end-user was offered to the client.  This includes 
formal application training for a member of the Montclair Police Department.  
During this training, the end-user will be introduced to the application.  The 
training will be divided in two parts during a single training session.   
 
The first part of the training will be an introduction to the application's user 
manual and a PowerPoint presentation developed to familiarize users with the 
application‟s functionality.  The second part of the training will involve a live 
demonstration of the application‟s typical use with the test data.  This will be 
followed by the emergency responder using the application in a live, hands-on 
session to be followed by a question-and-answer period.  
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 An offer will be extended to the client for the developer to provide technical 
advising during an actual field training exercise that simulates an event where the 
application may be deployed. It is anticipated that this level of support will build 
operator confidence while overcoming initial resistance to using the application. 
6.3. Operations Plan 
 
6.3.1. Standard Operating Procedures  
 
Emergency response deployments often occur with little or no advance warning.  
An effective response to an emergency situation can be planned for through the 
development of standard operating procedures (SOPs). Standard operating 
procedure recommendations for this application include: 
 
 Keeping a laptop computer fully charged with the application installed. 
 Keeping this laptop computer in an accessible location where it would be 
available to all shifts of the police department.  
 Informing all members of the response team where the computer is stored. 
 Include this laptop computer in the emergency response deployment 
equipment kit. 
 Providing ongoing periodic training with the application to keep 
emergency responders familiar and comfortable with using the system. 
 
6.3.2. Routine, preventative, or scheduled maintenance 
 
This application will be in ready for use daily by the Montclair Police 
Department.  In light of this unique business practice, routine inspection and 
operational readiness criteria should be established. A requirement for routine 
maintenance is indicated to ensure full functionality and reliability of the 
application when it is deployed. This would logically coincide with end-user 
periodic training. 
   
6.3.3. Future upgrades 
 
GIS technology is continually and dynamically evolving.  Future upgrades to the 
system and data may be accomplished by city GIS personnel or through a GIS 
contract, as deemed necessary.  It is anticipated that the application could be 
migrated forward as new releases of the ESRI ArcGIS software are adopted by 
the city 
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6.3.4. Bug fixes 
 
Every effort to fix bugs detected through testing was made prior to delivery and 
deployment of the application.  For a period of one month after the client's 
acceptance of the application, the developer will be available to assist in 
debugging the system.  Subsequently, the city GIS specialist will assume full 
responsibility for bug fixes. 
 
6.3.5. Roles and Responsibilities 
 
The developer will supply application maintenance support for a one-month 
period after acceptance of the application by the client.  After this period, routine, 
scheduled or periodic maintenance of the application will be the sole 
responsibility of the client. 
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7. Results 
The interface developed for the Montclair Emergency Response project was delivered to 
the client in a fully operational status. It can be operated on any computer system that can 
support the required ArcGIS desktop version 9 .2 license, and is operable on all three of 
the available license levels (ArcView, ArcEditor, or ArcInfo). There are additions to the 
database that may be made in the future that can supplement the existing data.  These 
additions are discussed in Section 7 .1: Limitations, and Section 8.2, Looking Ahead.  
The article quoted below points out the obstacles in the path of deploying this type of GIS 
application into the field. 
 
The vast majority of first responders (such as police, fire, and emergency medical 
personnel) is not that familiar with GIS, nor are they likely to use the systems in 
the immediate response or rescue phase.  The development of advanced spatial 
decision support systems for disaster management is an important application 
element for GI Science, but how does this really help the local firefighter in his or 
her search and rescue operation and the minutes to hours after an event occurs?  
The decision support system must be transparent with output that is easy to 
understand to the non-technical manager, and more importantly, not filtered 
through the vast bureaucratic layers of „technical support‟ personnel.  …At 
present, practitioner preferences are oriented towards paper maps not digital ones; 
and human intelligence information, not information derived from remote sensing 
systems.  For first responders the major constraint utilizing GIS science 
technology is an understandable user interface and willingness to adopt new 
technologies (Cutter, 2003, p. 442). 
 
The application was developed with these constraints in mind from the beginning. The 
result is an application that was favorably received by the police department. The training 
of the end-users went well and the lines of communication are open to future refinements 
as the technology evolves.  
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7.1. Limitations 
The store owners requested to have their store names and logos obscured when the 
interior photographs of the Plaza were displayed in a version of the application that is 
being published and is accessible to the general public. It is preferable that these 
photographs not remain in their altered state once the Montclair Police Department 
receives the application.  At this juncture, the safety of the public and of the employees 
working within the Plaza could be enhanced by the capture and inclusion of photographs 
of the individual store's interiors as well as unaltered photographs of the storefronts. 
Several of the use cases requested by Lieutenant Kelly of the Montclair Police 
Department have not been incorporated into the interface at the time of the applications‟ 
deployment.  One of these use cases include documenting, georeferencing and displaying 
on the operator‟s interface the locations of the air duct ventilation systems (HVAC) 
where the duct is large enough to allow human passage. The following graphic represents 
what can be achieved in 2-D modeling.  
 
 
Figure 27. Typical Interior Mechanical Systems. 
 
From this type of data, a 3D model can be derived that would bring a new standard of 
realism to emergency response visualizations. 
The second requested use case that is not supported in the application is the 
documentation and visualization of the uppermost floor of the Plaza.  This floor is where 
the mechanical systems of the building are located and are not accessed by the public 
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(Figure 24).  The concern is that a perpetrator may gain access to this floor either while 
attempting to evade capture or to gain entry into the Plaza after it has closed for the day. 
In both cases, a formal request for the data was submitted through the GIS specialist for 
the city of Montclair, directly to the Plaza development and leasing company.  The CAD 
data for these two use cases was not provided to the city by the mall owners in time for 
inclusion into this GIS project.  It is possible that this data may still be forthcoming and 
could be added at a later date. 
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8. Conclusions 
This emergency response GIS project has demonstrated the viability of using the 
commercial off-the-shelf (COTS) ArcGIS Desktop software already in use by the client 
for 2-D and 3-D visualizations for tactical response scenarios.  Minor customization of 
the interface including a custom toolbar and single drop-down menu facilitate minimal 
operator familiarization and training.  One of the goals throughout this project was to 
develop an effective and intuitive GIS that was readily usable by non-GIS specialists with 
minimal training.  
It would be counterproductive to access and display large amounts of well-organized data 
if the complexities of operation require a highly skilled GIS practitioner.  The database 
development proceeded throughout the project with the express knowledge that the data 
at some point would need maintenance and updating in order to remain current.  It was 
with this in mind that a goal was set for simplicity. 
8.1. Future 
The needs assessment indicated that populating a layer for each level of the Plaza 
depicting the wall construction type could be useful in a special type of scenario. This 
would involve either a rescue operation or a tactical breached entry. In these scenarios, 
entry into a store would be accomplished by creating a hole in the wall with mechanical 
or explosive means. In the latter case, special breach entry shaped charges have been 
created and are available to both military and police forces.  The success of either of 
these scenarios depends on the proper selection of the point of entry. This is based not 
only on tactical judgment, but also on the materials used in the wall‟s construction. 
 In the Plaza, there are primarily four types of wall construction: the glass store fronts, the 
stud and drywall partitions, and the load bearing walls which consist of either grouted 
cinder block or reinforced concrete. The reinforced concrete walls present the greatest 
challenge to a tactical breached entry. It has been the author‟s personal experience that 
when enough explosives are applied to a concrete wall to ensure adequate penetration, the 
collateral damage incurred outweighs the benefits of gaining entry by this method.  Clear 
identification of the Plaza wall types can assist in the decision making process for these 
scenarios. 
This project can be enhanced with more realistic modeling made possible while working 
in the SketchUp program. With the use of this tool, it is a relatively simple procedure to 
create much more realistic three-dimensional models that are currently possible when 
exclusively using the current version of the ArcGIS software for application 
development.  One of the most outstanding features of this program is the ability to create 
highly refined three-dimensional features and then use digital photograph images like 
wallpaper.  The three-dimensional model takes on a much more realistic appearance 
when using this technique.  These models can then be exported into the ArcGIS 
environment, bringing a previously unattainable level of realism to three-dimensional 
modeling. 
As additional CAD data for the Plaza becomes available, it would be beneficial to include 
layers in the map document depicting the HVAC system, the uppermost mechanical 
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floor, and the infrastructure in the vicinity of the Plaza.  It is a relatively straightforward 
process to convert the CAD data into feature classes that are the readily manipulated and 
symbolized using the current version of ArcGIS Desktop.  The three new tools for 
manipulating and georeferencing CAD data that were included in version 9.2 of the 
ArcGIS desktop software make this process considerably easier than it has been in the 
past. 
 
8.2. Looking Ahead 
 
Newly emerging technologies may be incorporated into projects of this nature as they 
become available to expand the capabilities of the interface and simplify even further the 
operation of the interface.  One of these technologies that is being developed is the ability 
to receive real-time video imagery from the security cameras located within the building.  
To include this technology within the SWAT team commander‟s decision-support system 
would be a very powerful augmentation. 
A logical progression of project development in the future would include serving the map 
document and the live video streams on a secure website that would be accessible only to 
authorized law-enforcement officials. These technologies are maturing, and as their level 
of reliability inspire the confidence necessary for inclusion in critical and time-sensitive 
applications, they will become accepted as the information delivery platform. There are 
also emerging technologies that facilitate the creation of viewsheds from vector data.  
The significance of this development is that this technology may be incorporated to 
visualize what may be seen from a variety of observation points within and around 
buildings that were created using three-dimensional vector models.  The ability to create 
viewsheds in the natural landscape, derived from digital elevation model raster data 
(DEMs) has been in existence for a number of years.  While this type of view shed 
modeling is useful for many applications, it does not readily lend itself to the relatively 
flat terrain and artificial visual barriers typically modeled with vector data to represent 
the commercial urban landscape.
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Appendix A  
 
Needs Analysis for the City of Montclair’s Emergency Response GIS 
Project 
 
Thomas Baker 
University of Redlands 
November, 2006 
 
Introduction 
 
The City of Montclair, California, (the client) requested that a specific site (high 
school or mall) be identified and selected for the development of a custom GIS package 
tailored to that site, and that it would also be applicable and transferable to other sites 
within the city.  The specifics could include a comparison of potential observation 
locations, data on the structures that would include design drawings, and digital 
photographs of the individual rooms located within the structures.  The intended purpose 
of this project is to provide timely surveillance information to the responding officers, 
allowing them to rapidly assess the area of interest.   
Potential areas to be addressed include identifying assembly points for the SWAT 
team, the fire department, a triage area, and evacuation locations.  Another aspect of this 
project is a custom user-friendly interface supporting the rapid retrieval of data.  The 
client envisions an intuitive graphical user interface (GUI) permitting a law-enforcement 
official to pull up a visual display of the site.  The interface should support 360° viewing 
of the site displayed three dimensionally.  
Montclair PD does not expect a full compilation of one site. The police 
department is looking for a functioning application that, when provided with all the 
proper data, would function as specified to analyze a line of sight, containment area, or 
the perimeter of an incident. A guideline for creating data, inputting it and using it would 
be directly applicable as a model for future site work.  Also, insight into past incidents 
like school shootings or hostage standoffs would be appropriate to provide a baseline for 
this type of project.  A minimum level of end-user training is anticipated and 
recommended.  To facilitate this training, a custom interface with documentation and a 
user‟s manual are included with the deliverables for this project. 
The decision support system will be created by incorporating GIS at the field level.  It 
will utilize ArcGIS™ Desktop software from Environmental Systems Research Inc. 
(ESRI™) as the basic platform.  The analysis of the terrain will employ two additional ESRI 
software extensions: Spatial Analyst, and 3-D Analyst. Data layers will be assembled in a 
digital map document (.mxd) that can be viewed and queried on a portable laptop computer.  
 
These layers will include the following: building footprints containing perimeters and 
individual interior spaces for each floor of the structures; the locations of doors and 
 56 
passageways with hyperlinked digital photographs of the interior spaces viewed from the 
probable point of entry, the locations of communications equipment, water system valves, 
and additional data layers as determined by the client.  This data will be derived from a 
variety of sources including: site visits for photography, digitizing the building design 
drawings, creating the shape files of the buildings and infrastructure, acquiring a digital 
elevation model and aerial imagery from the client.  
  
A personal geodatabase model will be utilized to store and process the vector data 
sets in order to create a topology.  These data sets comprise the line data representing the 
water and electrical systems, and the building footprint polygons. The building can be 
divided into individual interior spaces of the various floors and layers can be developed 
displaying the water, electric and air ducting systems along with the locations of doors and 
passageways. The geodatabase tools facilitate a transportable and uniformly standardized 
symbology and permits the establishment of data entry standards. This will simplify the 
updating and maintenance of the GIS. Once the data layers have been assembled and 
processed, a three dimensional model of the terrain and the structures will be created utilizing 
ESRI's ArcScene software.  
 
 
Evaluation Criteria 
 
Technical - This application utilizes ESRI GIS mapping software in the Windows XP 
computing environment.  The product will have the ability to operate on a portable laptop 
computer in the field.  The software is currently available through the MS-GIS program 
for the project development and is already in use by the client. 
 
Economic - This MIP will benefit the client by demonstrating the effective use of tools 
currently available and open the door to enhanced emergency response preparation. 
This project also benefits the author by providing practical experience developing a 
project with a client in both 3-D modeling and through the creation of the geodatabase 
within the budgeted time frame.  
 
Organizational - The client is enthusiastic and supportive of the MIP.  The one 
identifiable difficulty is one of scheduling appropriate times to interview emergency 
responders.  These responders are heavily engaged in daily activities and are frequently 
working rotational shifts. 
 
 
Business Need 
 
Recent integration of GIS and 3-D modeling allows emergency responders to 
quickly gain familiarity with critical aspects of a building‟s layout and interior spaces.  
With a first responder able to navigate visually within the 3-D environment of a building, 
it is possible to significantly reduce the time spent in reconnaissance, thus decreasing 
chances for loss of life. In this project, a prototype model of a local shopping mall will be 
created using ESRI ArcMap with spatial analyst and 3-D analyst extensions.  These files 
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will then be imported into and displayed in 3-D utilizing ArcScene software. After 
introducing first responders to the prototype, additional key architectural features will be 
identified and these refinements will be incorporated into the application. 
 
Items to include  
 
1. The locations of the individual stores within the Plaza. 
2. The levels on which the stores are located. 
3. The phone numbers of the stores. 
4. The air volumes of the stores grouped by classification. 
5. The interior passageways of the Plaza, both public and nonpublic access areas. 
6. The locations of the electrical switch gear.  
7. The locations of the water shutoff valves. 
8. The emergency evacuation plan. 
9. Digital photographs of the Plaza interior.  
10. A graphic display suitable for viewing the information listed in items 1 through 9 
above that could also indicate avenues of approach to the scene of an incident, 
using routes offering the best cover and concealment. 
 
 
Assumptions 
 
1. The client will provide a laptop computer suitable to run the application. 
2. The client will provide the appropriate licensing to run ArcGIS desktop 
version 9X. 
3. Access into the Montclair Plaza to take digital photographs will be permitted. 
4. The client will be able to schedule time for testing and training to familiarize 
with the application within the budgeted time frame.  
5. The client will be able to supply the data necessary to complete a working 
prototype of the project application. 
 
MIP Deliverables 
 
Needs Assessment 
This phase entails meeting with client to survey the desirable aspects of the application. 
A formal document will be developed from the information made available and agreed 
upon at the client meeting. 
Project Proposal 
The project proposal is developed as a result of the needs assessment and details the 
project scope and what the client can expect in deliverables.  The proposal also outlines 
the client's participation in the project by supplying data, hardware and software 
specifications, and participation in the testing phase of the application. 
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Risk Analysis 
The risk analysis identifies areas that may present vulnerabilities to the successful project 
completion. This analysis also details some mitigation procedures in an effort to limit or 
minimize the risks to completion. 
Work Flow Schedule  
  The work flow schedule outlines various tasks and their interrelationships.  This 
includes time frames, completion schedules, and the dependency of one task‟s 
completion on the initiation of the next. 
Database Design  
The database design phase includes adopting and modifying a geodatabase model 
suitable for the application.  This involves a comparison of existing database models in 
consultation with geodatabase experts. 
 
Working Application Prototype 
This phase of the project is where individual components come together and an actual 
working model of the application and the interface are created.  This is the showpiece of 
the project and will meet the client's expectations and satisfy the University of Redlands 
MS-GIS major individual project requirements. 
Paper 
This report documented the design, implementation, and presentation of GIS application 
for the client. 
Conference Presentation  
The project paper was presented at the ESRI International User Conference June 21, 
2007. Paper: Tactical Entry and Emergency Response: GIS Goes to the Field  
(Paper # UC1911). 
MIP Defense  
The oral presentation of the project before a panel of university faculty and industry 
experts will be the culmination of the MIP project.  Here, experts in the field of GIS and 
law enforcement will conduct an examination of the project‟s completeness and 
suitability. 
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MIP Budget 
 
 
Task Description Days 
1.  
Planning 
 
9 
2.  
Data Collection 
 
37 
 
3.  
Database Design 
 
39 
4.  
Application Development 
 
35 
5.  
Testing 
 
33 
6. 
Deployment 
 
11 
 Total 164 
 
 
Appendix Figure 1. Plaza Floor Area Classifications. 
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Appendix Figure 2. Application Map Created for ESRI International User Conference. 
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Appendix Figure 3. Plaza Upper Level Floor Plan (Architectural Drawing). 
 
Appendix Figure 4. Plaza Upper Level Floor Plan (CAD .dwg Drawing). 
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‘VBA Code for the Plaza Emergency Response ArcMap drop down 
menu 
 
Dim strStores() As String 
 
 
Private Sub cmbStores_Change() 
'##Routine to select stores on map based on combobox selection and populate store 
details 
     
    Dim FeaturesFound As Boolean 
    FeaturesFound = False 'Initialize variable to verify features were found 
     
    Dim SelectedStore As String 
    Dim SelectedFloor As String 
    'If nothing is selected in the combobox clear all detail items and exit sub 
    If Not Len(cmbStores.SelText) > 0 Then 
        Me.lblName = "Name: " 
        Me.lblFloor = "Level: " 
        Me.lblNumber = "Number: " 
        Me.lblPhone = "Phone: " 
        Exit Sub 
    End If 
    'Set store name and floors based on combobox selection 
    SelectedStore = Left(cmbStores.SelText, Len(cmbStores.SelText) - 12) 
    SelectedFloor = Right(cmbStores.SelText, 1) 
     
    'Get the map document 
    Dim pMxDoc As IMxDocument 
    Set pMxDoc = ThisDocument 
     
    'Gets Active Map (data frame) 
    Dim pAMap As IMap 
    Set pAMap = pMxDoc.FocusMap 
    Dim pAllLayers As IEnumLayer 
    'Get the layers 
    Set pAllLayers = pAMap.Layers 
    Dim pFeatSel As IFeatureSelection 
    
    Dim pQF As IQueryFilter 
    Set pQF = New QueryFilter 
    'Create query filter to select feature on map based on combobox selection 
    pQF.WhereClause = """StoreName"" = '" & SelectedStore & "' AND ""FloorLevel"" = 
" & SelectedFloor 
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    Dim pLayer As ILayer 
    Dim pFeatureLayer As IFeatureLayer 
    Set pLayer = pAllLayers.Next 
    'Loop through layers to find floor layers based on name 
    Do Until pLayer Is Nothing 
        If TypeOf pLayer Is IFeatureLayer Then 
            Set pFeatureLayer = pLayer 
            If pFeatureLayer.Name = "Plaza Upper Floor" Or pFeatureLayer.Name = "Plaza 
Lower Floor" Then 
                'Test that some features were found from query filter 
                If pFeatureLayer.FeatureClass.FeatureCount(pQF) > 0 Then 
                    FeaturesFound = True 
                    pAMap.ClearSelection 'Clear existing selections 
                    Set pFeatSel = pFeatureLayer 
                    pFeatSel.SelectFeatures pQF, esriSelectionResultNew, False 
                    pFeatSel.SelectionChanged 
                    Dim pSelSet As ISelectionSet 
                    Set pSelSet = pFeatSel.SelectionSet 
                    Dim pCursor As ICursor 
                    'create a cursor from selection set 
                    pSelSet.Search Nothing, True, pCursor 
                    Dim pRow As IRow 
                    'Get the first item in the cursor 
                    Set pRow = pCursor.NextRow 
                    If Not pRow Is Nothing Then 
                        Dim Phone As String 
                        Dim Number As String 
                         
                        'initialize variables 
                        Phone = "Unknown" 
                        Number = "Unknown" 
                        'Get the phone number if it exists in the database 
                        If Not IsNull(pRow.Value(pRow.Fields.FindField("Telephone"))) Then 
                            Phone = pRow.Value(pRow.Fields.FindField("Telephone")) 
                        End If 
                        'Get the store number if it exists in the database 
                        If Not IsNull(pRow.Value(pRow.Fields.FindField("StoreNumber"))) Then 
                            Number = pRow.Value(pRow.Fields.FindField("StoreNumber")) 
                        End If 
                        'Set store details on form 
                        Me.lblName = "Name: " & SelectedStore 
                        Me.lblFloor = "Level: " & SelectedFloor 
                        Me.lblNumber = "Number: " & Number 
                        Me.lblPhone = "Phone: " & Phone 
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                    End If 
                    pMxDoc.ActiveView.Refresh 
                     
                    'Clean up variables 
                    SelectedStore = "" 
                    SelectedFloor = "" 
                    Phone = "" 
                    Number = "" 
                    Set pRow = Nothing 
                    Set pCursor = Nothing 
                    Set pSelSet = Nothing 
                    Set pFeatSel = Nothing 
                    Exit Sub 
                End If 
                 
            End If 
        End If 
        Set pLayer = pAllLayers.Next 
    Loop 
    'If the routine couldn't find any features for combobox selection, 
    'tell the user and clear the details 
    If FeaturesFound = False Then 
        MsgBox "Required value missing." & vbCrLf & "Can't find store" 
        Me.lblName = "Name: " 
        Me.lblFloor = "Level: " 
        Me.lblNumber = "Number: " 
        Me.lblPhone = "Phone: " 
    End If 
    pMxDoc.ActiveView.Refresh 
End Sub 
 
Private Sub lblFloor_Click() 
 
End Sub 
 
Private Sub UserForm_Initialize() 
     
    cmbStores.Clear 'clear any items in the list 
    ReDim strStores(0) 
    'Gets the .mxd Document 
    Dim pMxDoc As IMxDocument 
    Set pMxDoc = ThisDocument 
     
    'Gets Active Map (data frame) 
    Dim pAMap As IMap 
    Set pAMap = pMxDoc.FocusMap 
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    'Get layers in data frame 
    Dim pAllLayers As IEnumLayer 
    Set pAllLayers = pAMap.Layers 
    
    Dim pQF As IQueryFilter 
    Set pQF = New QueryFilter 
    'Create a query filter to exclude items with no Store Name 
    pQF.WhereClause = "NOT ""StoreName"" IS NULL AND NOT ""StoreName"" = ''" 
    Dim pLayer As ILayer 
    Dim pFeatureLayer As IFeatureLayer 
    Set pLayer = pAllLayers.Next 
    Dim pFeatureClass As IFeatureClass 
    'Loop through layers 
    Do Until pLayer Is Nothing 
        If TypeOf pLayer Is IFeatureLayer Then 
            Set pFeatureLayer = pLayer 
            If pFeatureLayer.Name = "Plaza Upper Floor" Or pFeatureLayer.Name = "Plaza 
Lower Floor" Then 
                Set pFeatureClass = pFeatureLayer.FeatureClass 
                Dim pCursor As ICursor 
                'Create cursor of items meeting query filter 
                Set pCursor = pFeatureClass.Search(pQF, False) 
                Dim piRow As IRow 
                Set piRow = pCursor.NextRow 
                'Loop through cursor to get store names and floor levels and 
                'add them to the string array 
                Do Until piRow Is Nothing 
                    subAddItem strStores, piRow.Value(piRow.Fields.FindField("StoreName")) 
& " - Floor #" & Str(piRow.Value(piRow.Fields.FindField("FloorLevel"))) 
                    Set piRow = pCursor.NextRow 
                Loop 
            End If 
        End If 
        Set pLayer = pAllLayers.Next 
    Loop 
    subSort strStores 'Call routine to sort array 
    cmbStores.List = strStores 'Set combobox list to string array 
     
End Sub 
Sub subAddItem(MyList() As String, MyItem As String) 
'##Add string to arraylist 
    ReDim Preserve MyList(UBound(MyList) + 1) 
    MyList(UBound(MyList)) = MyItem 
End Sub 
Sub subSort(MyList() As String) 
'##Routine to sort an array list alphabetically 
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    Dim intRet As Integer, intCompare As Integer, intLoopTimes As Integer 
    Dim strTemp As String 
     
    For intLoopTimes = 1 To UBound(MyList) 
        For intCompare = LBound(MyList) To UBound(MyList) - 1 
            intRet = StrComp(MyList(intCompare), MyList(intCompare + 1), _ 
                             vbTextCompare) 
            If intRet = 1 Then  'Current string is greater than previous. 
                strTemp = MyList(intCompare) 
                MyList(intCompare) = MyList(intCompare + 1) 
                MyList(intCompare + 1) = strTemp 
            End If 
        Next 
    Next 
End Sub 
 
